The egg yolk of immunized chicken is a rich and inexpensive source of specific polyclonal antibodies.
). The eggs were collected daily, marked and stored at 4#{176}C until use.
Extraction and purification of antibodies
IgY was purified from individual eggs as described (7).
Briefly,the yolk (20 ml) was carefullyseparated from the white by washing with deionized water and collected without the yolk skin in a graduated cylinder. 
RESULTS

Immunization scheme and isolation of antibodies
The PCNA that served as antigen was purified to more than 95% homogeneity, as shown in Fig. 1 (lane 2) . For immunization, different quantities of PCNA were injected either twice or three times into six hens. The immunization scheme is shown in Table 1 . By differential PEG precipitation, the IgY was purified to better than 90% purity (Fig.  1, lane 3) . The antibodies were fur- ther purified by chromatography on DEAE-cellulose and MonoQ (Fig. 1, lanes 4 and 5, respectively).
Immunoblot analysis
Yolk IgY from all six hens at day 0 (preimmune), 12, 16, 20, 25, 30, 40, 49 , and 61 after the first immunization was isolated up to the PEG step (see Fig. 1, lane 3) . PC NA-specific antibodies were detected by reaction with electrophoretically separated PC NA. An example appears in Fig. 2, which shows the results obtained with the antibodies of hens I and 3, both immunized with a total of 30 tg PCNA (see Table 1 ). An immune response was detected in hen I after 20 days ( Fig. 2A ) and in hen 3 after 30 days (Fig. 2B) Fig. 3 , lanes 3 and 4 or 5 and 6, respectively).
When a rabbit anti-PCNA IgG was used as a positive control, the two PCNA preparations were positive (Fig.  3 , lanes 1 and 2).
DISCUSSION
We have immunized six laying chickens to produce antibodies against a highly conserved mammalian protein.
Large amounts of antibodies were obtained from the egg yolk by a quick purification procedure. All hens showed an immune response independent of the quantity of antigen injected.
Hen 1, which was immunized three times with 10 tg antigen at day 0, 12 and 20, showed an immune response after 20 days ( Fig. 2A) . This suggests that even two injections of 10 tg antigen at day 0 and 12 might be enough to induce the production of specific IgY antibodies. Table 2 compares the total amount of antigen used by different authors for immunization.
In this context, it can be seen that the quantity of the antigen can be reduced 3-to 2600-fold, whereas the immune response remains unaffected.
Because we failed to produce antibodies against PCNA and other highly conserved mammalian replication proteins (e.g., DNA polymerases) in rabbits (M. Gassmann and F. Focher, unpublished results), we decided to immunize chickens. The successful exploitation of the avian immune system to produce antibodies against highly con- 3) the use of complete Freund's adjuvant leads to very high and long-lasting titers of yolk antibodies, starting as early as 16 days after the first immunization (Table 1) ; 4) the purification of antibodies is simple and quick, and a purity of 90% is easily attained by PEG precipitation;
5)
chickens are inexpensive to keep and easy to handle; and 6) chicken antibodies are acid-and heat-resistant (8), and therefore might be orally applied to prevent or to cure intestinal diseases of young animals (23) or humans (27). 
